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Talk OutlineTalk Outline

• Why study hurricanes?

• How are research flights conducted inside the
storm?

• The ER-2 High Altitude Dropsonde (EHAD):  A
new tool to investigate the inner core of
Hurricane Erin (2001)



Why We Need To Study HurricanesWhy We Need To Study Hurricanes





Billions 2

Why We Need To Study HurricanesWhy We Need To Study Hurricanes

1992:  Andrew $35 billion

2004:
Charley $14 billion
Frances $  9 billion
Ivan $12 billion
Jeanne $  7 billion

$ 42 billion

Since 1980:  $150 billion

*normalized to 2002 dollars



2004 Bad Actor:  Hurricane Charley2004 Bad Actor:  Hurricane Charley





Explosive IntensificationExplosive Intensification
Of Charley - Of Charley - HoursHours Before Before

Landfall -Landfall -
ForecasterForecaster’’s Nightmares Nightmare

Over the past three decades, forecasts
of hurricane track have improved by
25-30%.

There has been little improvement in
our ability to forecast hurricane 
intensity change.

This is where NASA’s research efforts
are focused.



Outlook for Atlantic Hurricane ActivityOutlook for Atlantic Hurricane Activity



U.S. Hurricane Death and Damage TrendsU.S. Hurricane Death and Damage Trends

Hurricane deaths & damage 
trends are inversely related

Population & property along the U.S East
Coast is growing exponentially (RISK)

Hurricane Vulnerabilty = Hazard x Risk



 

• Warming and sea level pressure are related through hydrostatic balance

L
In

flo
w 1 Energy acquired

through evaporation

2 Energy liberated through condensation
drives deep convective clouds

3 Vortex rotation retains warm
air in upper troposphere

Warm Anomaly - develops
from sinking of air in eye

Hurricane Heat Engine for (Intelligent) DummiesHurricane Heat Engine for (Intelligent) Dummies

4 Low pressure develops
at the surface

The sea provides the energy…the atmosphere provides the rotation



NASA Hurricane Science:  ThreeNASA Hurricane Science:  Three Prongs Prongs

1.  Satellite Remote Sensors1.  Satellite Remote Sensors

2.  Field Campaigns to Investigate Hurricanes2.  Field Campaigns to Investigate Hurricanes

3.  Numerical Models3.  Numerical Models

NASA ER-2NASA ER-2

NASA DC-8NASA DC-8



Satellite Remote Sensors:Satellite Remote Sensors:
Hurricane CAT ScanHurricane CAT Scan



NASA High Altitude Research AircraftNASA High Altitude Research Aircraft



NASA NASA fvGCM fvGCM Global Hurricane SimulationsGlobal Hurricane Simulations



              Synergy Between Satellites & AircraftSynergy Between Satellites & Aircraft

GOES:
Cloud Structure,
Height

TRMM:
Rainfall Vertical
Structure

CAMEX:
Warm Core
In Eye



              Synergy Between Satellites & AircraftSynergy Between Satellites & Aircraft



              NASA Satellites:NASA Satellites:
MODISMODIS



NASA Satellites:
TRMM



NASA Satellites:
QuikSCAT



NOAA AMSUNOAA AMSU
Advanced Microwave Sounding Unit



Hurricane Research:  Aircraft InvestigationsHurricane Research:  Aircraft Investigations
CAMEX:  Convection and Moisture Experiment (1998, 2001) in NATL, GOMEX
NASA & NOAA HRD coordinated aircraft missions into hurricanes

GOAL:  Investigate the structure and 
dynamics of hurricanes and factors leading
to their intensity change, from sea surface
to above cloud tops.

NOAA P3 Orion

NOAA Gulfstream IV

NASA ER-2

NASA DC-8



              NASA DC-8 Flying LaboratoryNASA DC-8 Flying Laboratory

Historical release of dropsonde fromHistorical release of dropsonde from
stratosphere into hurricane eyestratosphere into hurricane eye



              Missions Inside The StormMissions Inside The Storm



              NASA ER-2 High Altitude AircraftNASA ER-2 High Altitude Aircraft

Historical release of dropsonde fromHistorical release of dropsonde from
stratosphere into hurricane eyestratosphere into hurricane eye



AMSR-E

Precipitation
Radar

Lightning
Imaging SensorMODIS

TRMM
Microwave
Imager

ER-2 Doppler Radar

Advanced Microwave
Precipitation Radiometer

NASA ER-2:
Virtual Satellite



CAMEX Scientific MissionsCAMEX Scientific Missions

NASA DC-8

Strategy:  Multiple aircraft
fly intersecting flight legs
across the storm at center at
different altitudes (5,000’
up to 70,000’) - “vertical stack”.

All aircraft are coordinated
according to the radar
pattern of precipitation
structure and intensity.

Dropsondes are released
at multiple, regularly spaced
points.

Special instrumentation on
aircraft include lasers to
determine water vapor
concentration, cloud 
particle probes to sample
ice and liquid hydrometeors,
temperature profilers,
flight level winds and 
meteorological conditions.

Typical mission lasts 8 hours;
10-13 missions flown during
each CAMEX.



            Coordinated Aircraft SamplingCoordinated Aircraft Sampling







              DC-8DC-8  DropsondeDropsonde
Vertical Temperature, Moisture, Wind ProfilesVertical Temperature, Moisture, Wind Profiles





Pioneering Science:  ER-2 High Altitude Pioneering Science:  ER-2 High Altitude DropsondeDropsonde
(EHAD)(EHAD)

Pressurized
Electronics
Pack

Dropsonde
Launch Tubes
(16)

ER-2 Dropsonde Dispenser
(Attaches Beneath Fuselage)

FRONT

REAR

First release into hurricane eye from 
70,000’ - September 10, 2001

 3D map of eye’s thermal structure from 
    70,000’ to ocean surface in great detail

 Relationship b/t warming in the eye and
    reduction in surface pressure

 Weakening of the inner core from top down >
    storm vulnerable to wind shear > redistribution
    of heavy rain (asymmetry)

J. Halverson, J. Simpson, G. Heymsfield,
H. Pierce, T. Hock, E. Ritchie, 2005,
Warm core structure of Hurricane Erin
diagnosed from high altitude dropsondes
during CAMEX-4, J. Atmos. Sci.



              Surveying the Core of Hurricane ErinSurveying the Core of Hurricane Erin
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Dropsonde Identification Letter/Number
DC-8 = letters;  ER-2 = numbers
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Mapping The 3D Temperature in Erin’s Core
J. Halverson, J. Simpson, G. Heymsfield, T. Hock, H. Pierce, L. Ritchie, 2005, J. Atmos. Physics



              3D Structure of Erin3D Structure of Erin’’s Eyes Eye
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A.  Dynamical Aspects of Erin’s Eye (Observed & Inferred)

B.  Clouds and Tropopause

4 5 6 7
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C.  Warm Core Structure

Deepest Hot Towers,
Max Tropopause
Height = 15.6 km,
SE QUAD

Eyewall & Hot
Tower Growth
Region, 
NW QUAD

Residual Core
Warm Anomaly 
+11 ºC 500 mb

Envelope of
Tropospheric
Warming

Doming of Tropopause
to 15.4 km

Enhanced Latent
Heat Release,
NW Quad Warms

Shear- Induced Sinking
SE Quad WarmsLow Level Warm Anomaly

Maintained by Subsidence



The Allure of Tropical MeteorologyThe Allure of Tropical Meteorology

NASA ER-2

NASA DC-8


